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Outiine or Presentation

What 1s Risk? \What st Reliability? Whyiis it Used?
Engineerngl Reliabiity: Modeling Chalacteristics
Acceptable Methods o Engineering: Relianility
BasIC Featires ol Reliability: Modelingrand Analysis
Consequence; Event lirees

New: Engineering Reliauility-Guidance

New! USACE DX for Risk and Reliability;
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Likelihoed — future Uncertainty oifan event:

Outcome — link: paired with' likeliheed 1R risk: profile
Significance;— amount 6i*gainy/less o) al particllar OULCOmE
Casuall Scenario’— Calses) off anrevent 8t stbsequent OULCOME

Pepulation' — Important aspect for liie safiety ISSUES
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RISk Assessment Determines:

v Likelihood

v. Outcome

v Causal Scenario
v. Population

Risk Management Determines:
v Significance
v. Course of Risk Aversion/Mitigation
v Risk vs. Cost Tradeoffs
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Reliability’— prebability that arsystem Wil perHiormiits
INtERCEANURCHON oK al SPECIIC PErIOH O time
UNder a diven set off conditions

| R=1-P,

Reliability s the probability: that Unsatisiactory
perfermance or falure will net eceur
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Probability: off Failure (P:) — easily: defined fior
iecUrring events and replicate components (Such
as light*bulls, ete...)

Prebability’ off Unsatistactory: Perfiormance (PUP)
v loUghl ter define fior' NoR-recuringl events

v ypically, USACE structural elements fall into: this
Category. or al Variety, or easemns

v Examplesi (sliding off gravity: structures, fatigue
cracking of gates, etc...)

v Many times can be classified as an| economic fialure”

WIEN CONSeqUENCES are significant: :
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Costs * PUP = Consequences mmmp Risk

1

Annual probabilities computed trom
an engineering reliability;model

Cost Examples tor USACE Projects
Emergency Repaits

Delay Times for Users Event e
Increased O & M Costs and/or Frequency
Damagesito Users

Benetfits Foregone 7
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Prebanilistic Modeling the Current and Eutlre: Condition of
Stiructures/Components fer Decision; Making

IHistercal informmation AbeUL Compenent
> Previous Maintenance: anal Eanunes
> Accounts e Histerical Patterns and Euture Cenaition

Realizes Prohanilistic Nature of Engineeringl Analysis

[Develop Prekabilities off Unsatisfactony Performance fior
Components Over Period of Study/
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Analysisi lieol Used by: USACE te Prieritize Investments
. Major' Rehabilitation: Studies
. Dam Safety’ Portiolior Risk Assessment

Recognizes and Captures Uncertainty intAnaly/ses

> Engineering Uncertainties — Loads, Material Preperties, Corrosion,
[Fatigue, Stress, Concentration Factors; EtC...

. Econemic Uncertainties — Tiraffic Forecasts, Rate Savings

Shows' Economic Justification and Risks Associated with
MultiplerFuttrer Investmentt Alternatives

. Fix-as-FailsiMaintenance, Advance; Maintenance, Major Rehab

Allows’ ar Methoealtor Rank Prejects Based Upon Risks
Associated with' Lifie Safety and EConomics
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Investment Tieolffor DecisiontMaking

. Measures the risk (life; safety/$$%$ damages) associated
WIth perfiormance off a component: and/or' system of
COMpPeRNENts

- Reliability: modelfitselff Is just ene piece; ofi the overall
analysis. Integrates withi COonsequence; amnalysis
threugh' event trees.

> FFor ani everall project; all criticallcomponents are analyzed
to determine their performance; through the stuay,
period! (50 years for most USACE studies)

10
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NaVigation. ProJects
51004 Cortrol Projects

Vihere arelour DIggest IisSKkSitoNIel Salely”
Wihat arel Grealest IEEds o [Iavigation Systeriiy

11

i

Ef__ﬁ_—
GE’E-!K} I’“EH



n
nvﬁlu m 1
m (()) (©))
3 2 o SV D &
— N o) > 0 ) Q ©
= Do Y 1l el Bt R
Cp) @) LM Q () =
= = 1] Sl oy RS
(© () a4 O o=
<L i '®)) Q) Ln > N ©
— O © @) L Q) TS, O]
O) (= (= = =
o Yo Tl RS S e
T ol i SR NS (8D
| L el R NE, T e
> o T S R TN ) )

=
@
el
2z
f=1
£
=]
o
B
[
a
-

SWEQ JO JaqQuny




O]
=
=
)
-
<C
=
o
<
-
=

400 flood! control dams

46 years

AVerage age

44 V/Eeals

Median age
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Clrrently. Four AcceptablerMethods inGuidance

Reliability: Index:Method (ProbapilisticiMethod)
Uses| Betal values tor determine point estimates of reliability,

Not applicable for timerdependent situations, issues wj. multiple random
Variables in the analysis

Originally’ used when software and computational packagesiwere limited

Preferred method using analytical models with Monte Carlo simulation
Handles time dependency and multiple; correlated randomi variables

State-of-the-art method used on ORMSS, Markland Rehab: Study,
[Histerical Ereguency; ofi Oceurrence /- Survivership: Curves

Best method but database of faillres not: available for civil woerks strlctures
Applicable for other componeNnts, SUChIas MOLOKS

Expert Elicitation’ Process
Uses judgment firom a| panel of expertsi to establishi failure probabilities
Only used to supplement analytical methods

Note: On-going; reliability guidance should supericede this guidance over next 2-3'years
with an EC on USACE Infrastructure Engineering Reliability: Analyses



US Army Corps
of Engineers®

Expert Elicitation Process

p() =.0007]

p(u) =.0008;

p(w)=".0004
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Solicitation oif “experts™ to assIst In determining propabilities
Off Unsatisiactory: PEFOFMAaNEE; OF rates Of OCCUTENCE

Formal processiwithra fiacilitator; Ig_amel Off EXPEFS; OPSENVESS,
and trainingl period to; remove Bias and dominance

Shoeulaibe tised terstipplement analytical reliapiity modelsias
part off an oVerall sk assessmentiior al project:

RECENt project studies Using expert elicitation
> Nashville; District (Chickamauda llock Replacement Study)
> Pittsburgh District (Ohio River Mainstem Study' — Emsworth LLock)
> Louisville; District (Mill Creek Flood Pretection Project)
> Vicksburgl District (Lindy’ C. Boggs Lock Walll Evaluation)

17
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Use offtknown: histoxical infermation; for' records at site to estimate the
falltre rates off Varous, COmpPORENts

Excellent method, but tusually: USACE projects de net have enoudgh
historical falltre performance tordevelopttire pronabilities

Examples i you had 5 hydraulic pumps; Nl standby mede; and each ran fior
%OOO ?OILIWS and 3ifailed during standby, mede, the faillre rate would
e as fiollows:

Tjotal standby hours = 5 * 2000 hours' = 10,000 heurs
Failure rate (standby mode) =i 31/ 10,000 = 0.0005 failures/houx

18
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Excellent methodl that s verysimilartin nature to; Nistercal
freguency, method

nererare enelgh fialllres tor develop: sUVIVership! CURVEs ior
diffierent components (light bullvstare anrexcellent
examplé)l ese are ustally provided by: the manuiiaculrer
for Items SUCh as pumps, Moetors, ete...

Same; as, historical frequency, USACE compoenents, typically: do
AOL ave enoeugh falure~events te: establish SUrVIVership
curves withr the exception off Seme; components at
nydropoewer facilities (gemnerators, etc...

19
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Reliability: Models Are:

v2 defiinedi by random Variables and thelr Underlying distrbutions

v. hased upon limit states éanalytlcal eguations) similar to those Used
IR design o analysis 6f a COmponEnt:

v- based Upon capacity/demand o salety: factor relationships

iwor Probabilistic Methods of Developing Reliability Models
are Currently: in Use within USACE:

v Reliability’ Index (BrMethod)
v- Hazard FURction Analysis

20



Utilizes Traylor' Series) Finite; Difference

1*t order expansion;abeut the mean value
Llinear approximation| 6f: second moment
Uses: a factior Of Saliety, approach

Easy to Implement: in spread sheets

Bxa

1 (C-D)

Measure of how far the mean
B X value for'safety margin is from
the limit state threshold

Demand (C-D)

0.0 Safety Margin (C-D)

21



Major Shortcomings Associated with 5 Method:

v [nstantaneous that FEpresents) snapshot: 1Nl tiMe andiis not
ap%IicabIe for time dependent: strlictures Whnose conditionsidegriade
Witihrtime

v Only: applicableor arfew: distibution types and not EfficiIEnt Wien
there are many. iandomi Variablesiand WHEN seme; are correlated
WIthI GNE anoBther

v- Many: times erroxs) made: on underlyingl distributions) Used to
calculate 5

v. Originally:used when computation power and commercial software
Was not adequate for simulation moedel development

22
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Preferred Method off Computing, Probabilities ol Failtre
v2 Started with insurance actiariesiin  Englandin late 18007s
v2 Brotight interengineering fieldhwithl aerospace Industny int 195075
v Accounts for'the knewledgerof the: past histery: 6 Compenent

Computes the Rate ofif Change at Which: the Probability,
Changes Over' aiSelectedrliime Step: (Usually: Annually)
v NGt a “spapshet™ In time, It isitruly: cumulative

v- Uses Monte Carlorsimulation technigues to; calculate; the true
probawility, eiffalure (o PUPR)

v. Can easily: be; developed for time dependent and non-time
dependent models fiom deterministic engineering design
procedures

23
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Definition:
Tihe hazard function, h(t), is the conditionall probability: off Unsatisiactory

PErformance of al structure; or component: at time: t given that: it has
survived up to the selected time

h(t) = (D) / R(t)

WhEre: f(t) = pdfi at time t + At
R(L) = cumulative reliability’ up te time £

When usingl Mente; Carlo simulation methods it can be simplified to the
fellowing fermulas

h(t) = # of failures (&) / # of survivors (t._,)

24
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o Compoenents Whose: Reliability: will- not Degrade with: Time
(Nen-Tiime; Dependent Reliability: Analysis):

vallinear limit states with: normal er Iognermaliinput disthibution types
= Reliavility Index ([5rMethod) or Monte Carlo simulation
Methodelegy Isiappropriate

v Nen-linear imit states — MonterCarler simulation metheaolegy,
v liypical USACE examples: gravity. strlictures wjerchanging loads

fFor Components Whose; Reliability: Degrades with! Time; (Time
Dependent Reliability: Analysis)k
v lHazard fiunction analysistusing Mente; Carlersimulation methodelogy:

v Iiypicallexamples: hydraulic steel structures, deteriorating concrete;
anchored walls; mechanical/electrical equipment, etc...

25
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Limit State which isi the failure mechanism that Is being| investigated
such' as stability: off gravity: structires ox fatigue analysisifor steel
StrUCtUrEs

Randem! Variables Which are input values for the analysis that are
allewed to vary according te somer distrbution. Example might
be yield stremgth ofi steel, corrosion rate...

Constants are Input values tormoedel that: hold the same value for each
[teration such as Unit weight oif Water, etc.

Counter which tabulates' iterations! that reach the limit state (or fail)
versus! those that never fail. Used! to track the number of failures
and survIvors for eachitime period analyzed.

Event Iiree whichis develeped te shew: randemness associated with
diffierent levels of repair given al failure. Thisiis developed
separate of the reliability' modelland isi provided tor depict the
conseguences associated with' unsatisfactory perfiermance.

21
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AnnualiHazard Rate (lime Dependent: Components)
Single PUP: (INon-Time Dependent: Components)

Conseguence Event Tiree fior Each Component/Scenario
> Only evaltate significant CoNsSeEqUENCES
> \arious levell off repairs

> Cost torrepair’ & other damades: (time; out ofi Service, ete...)
Updated Hazard Rate for Repairedl Components

Consequences Asseciated with Schedule; Repair Prior te
Fallure te Compare vs. Fix-As-Fails Scenario

28



Reliability: Medeling — Outputs and [ntegration withr EConemics

Time Dependent Hazard Functions
for Varying Traffic Projections

—High Traffic Projection
—*— Most Likely Traffic

—— Low Traffic Projection

g
&
©
8
8

Annual Effect on Owerall
Component Hazard Rate Lewel of Repai Closure Time i Component Reliabili

Annual
Reliability Value
(1- Annual Hazard Rate)

Horizontally-framed New Gate 5% ——— 365daysinyearl — Assume R=1.0 for All Future Years
Miter Gate 90days inyear2 —

Annual Major Repair 35% —— 45days inyear1 $1,575,000 — Move Back 5 Years
Hazard Rate 45days in year 2 $1,575,000

Temporary Repair 60% —— 45days inyear 1 Assume R=1.0 for All Future Years
Replace 1st Set of Gates — |45 days in year 2
Replace 2nd Set of Gates — |30 days in year 3

r 1 -- 30 Days of Closure @ $! 0 Days of Closure
Future Reliability Will Equal Remainder of Study Perio
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v

Background 1rRrorHnatorn

Viechanismlinat Interfiaces Engineering and Consequences

Provides Gonseduences (Repairr Cost, Service Disruption

Time, Etc.) Asseciated with) Unsatisiactiory: Performance

ol CompeNERL

Criticalite OverallfConsequence Evaluation fer Less of Life

and Econemic Damages

Intiermation: Develeped Consistent with Reliability: Limit
State Modeling

Developed for Individual Maintenance; Strategies

31



BEsIG Palits

EVENIT FREQUENCY: -~ Determined fior each load case being evaluated

RELTABILITY MODREL INPUTF -~ Given the, event occurs, Whatiis the probability:
of*Unsatisfiactory: performance?

RANGE OF FAILURE -~ Given limit state being modeled, what are the possible
levels off failure given that it 6ccurs?

CONSEQUENCES OF FAILURE -- For each level of failure, what are the expected
& REQUIRED REPAIR conseguences, (less ofilife, $$%$ damages)?

EFFECT ON FUTURE RELIABILITY -- Foellowing the repair, what is the improved
reliability’ for future operations?

32



Branch 1

—— lLoad Case #1
% INme

Load Case #2
—  %Time

—— PUP #1 %

— PUP #2 %

Example Format

Branch 2

— (1-PUP #1) %

—— (1-PUP #2) %

Branch' 3

Repair Level #1 %
Conseguence #1

Repair Level #2 %
Conseguence #2

Repair Cevel #31%
Conseguence #3

Repair Level #4 %
Conseguence #4

Branch 4
Reliability Upgrade
Level #1

Reliability Upgrade
Level #2

Reliability Upgrade
Level #3

Reliabihity Upgrade

Levell#4

Scheduled Repair/Replacement — Cost and Service: Disruptien Time

33



Example Event free — culvert Valves

Future
Component Hazard Rate Damage/Level of Repair Chamber Closure Reliability

Catastrophic Failure

Chamber Closed $6,325,000 Closed 15 days in year of failure R=1.0for All
Fabricate and Install Split Over 2 Years 90 days half-speed follow ing year Future Years
4 New Culvert Valves

Annual Temporary Repair
Hazard Rate to Open Chamber $5,000,000 Closed 10 days in year of failure Move Back
(AHR) Fabricate and Install Split Over 2 Years 90 days half-speed follow ing year 20 Years
2 New Culvert Valves

Main Chamber
Horiz.-Framed
Culvert Valve Major Damage 50% $2,100,000 Closed 5 days in year of failure Move Back
Major Repairs to Valves 5Years

Scheduled Replacement of Culvert Valves for Main Chamber
Cost = 4*(400,000) + 90%(35,000) = $4,750,000
No Chamber Closure But 90 Days of Half-Speed Operation
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REVIEW. O KEY/ PoIlS

v lbiinks ReliabiitysAnalysis terConsequence; EValuation
Throtgh Multiple Alternative Seenarios

v Conseguences Consistent: withr Limit StaterBeing Moedeled
IR Reliapiity Analysis

v. Significant Limit: States/Consequences Efiiect Evallation

v. Expert Elicitation 1sia Geod Means te @btain Event iiree
Values whenrAnalytical IMetnods; or iHistorical
Performance isfnot Available

35



Multi-ScenariorPlanning Optiens— Establishing the WOPE

Key — establishithe base condition
Base condition should be calibrated to current: field conditions
Deterioration modeling without reliability: Upgrade repairs

Advance maintenance repair Scenarios

Plan with the Highest Net Benefits Determines Optimized WWOPC

PDeveloping: the With Project Condition

Replacement or long-term; repair that provides substantial iIncrease in
reliability: for the long-termi performance of the structure
Repair/replacement must meet Major Rehab cost and time' thresholds

Compared to optimized WOPC to determine if it is economically justified
36
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Incrementall Benefits wjor Reliability-Based ConseqUENCES

Wi ithout Project

37



‘H USACE Directory of Expertise for Risk & Reliability

4500

4000 _ } _
With Project

3500

3000

2500

2000 Without Project

1500

1000

0
c
i
=
A
£
n
=
Y
(D)
c
(8]
a8
£
()
)
n
>
n

500

0
1990 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Years




EngineernagrReliapility Guidance
for Existing USACE Civil Works
IRtirastricture
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General Backgreund

Updating engineering reliapility: guidance serely: needed

NG systematic guidance; that addresses, development off ether
critical pieces o analysisisuch: as event trees and Integration
WIthIRT EnginEering guidance

Currently;, majorirenab guidance; decument (EP 1130-2-500)iis the
deneral reliability.guidance: that nas DeEen used, DUt It ISTVery
oldlanadlhas seme eutdated Information

Major rehab guidance will'reference the EC decument as the

“source to'use” fior developing engineering reliability’ analysis
40



Structural Guidance

Currently; there s nosstrticttral reliability: guidance SInCe previeus
documentsihave: beenrrescinded

Previeus, structtraliguidancernas been rescinded due to more
dccurate, analytically correct technigues (IMonte €arlo
simulation)) available Wit commercial seitware anaiPC speed

Rescinded structurall guidance

o ETL 1110-2-321 “Reliability: Assessment: of Navigation Structures and
Stability’ off Existing Gravity’ Structures”

o ETL 1110-2-554 “Reliability: of Pile-Founded! Navigation Structures™
« EITL 1110-2-552 "Reliability: Assessment of Navigation; Structures”

41



EXisting Geotechnical Guidance

CUrrently;, there are two activergeetechnical reliability, decuments
altheughrthe mainrsections off these willsbe rolled 1nte; the new.
EC decUmentiin order tor have alsinglersource

Clrrently active; geotechnicaliguidance
« ETL 1110-2-547 covers basic reliability applications; for geotech engineering

« EITL 1110-2-561 covers seepage and slope stability: reliability: applications, for
embankment dams

New ECwill coverrecent develepments asseciatedwithrpotential
LIMe dEPENCENTIASPECHS Off SEEPAEUE &u PIPING reliability

Expired geotechnical guidance
« ETL 1110-2-556 covered reliability: assessment of levees
42



Existing Mechanical/Electricall Guidance

CUrrently; there Is one; active document related tormechanicaliand
electrical reliapility assessments o) Ny dropewWer projects (Eili
L110=-2-550) = USes sUrVIVerShIp: CURVES

Recentiy: mechanical/electrical guidance; (expired June; 2006)

« ETL 1110-2-560 coversibasic reliability applications: for mechanical and
electrical aspects off navigation: locks andl dams

« Overall, the methodelogy: Is appropriate, but there are some major Changes
than need to be made (minor compenents and! failure rate problems)

» Application usingl these methods had ter be used with extreme; caution

Current: planfior mechanical/elecirical guidance

» USACE teami of mechyelec engineers; aleng with reliability: experts, will
develop applicable failure rates fior navigation lock and dam Uses

« Only critical components willl be considered inithe analysis
« Goal isito have updated failure rates and iImproved method by endl FY06

« These improvements will' be rolled into the new: EC doecument
43
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General Infermation

Tihree; Year Plantto; DeveloprinfirastructurerReliapiity, Guidance
Engineeringl Circular (EC)

Initial funds received in FY04: to establishi team, set general schedule, outline

Guidance will cover allfmajor engineering d|5C|pI|nes (structural, geotechnical,
mechanical, electrical, as well'as basic economic aspects)

Integration withreconomics and plan formulation alse included

liechnicaliean Spread throughout USACE

New' Guidance Needs terbe IncorperatediintMajor Rehald
Evaluation Guidance, with Respect: ter Engineering Reguirements

as well'as Other Uses (Systems Studies, Evaluation ofi Existing

Deteriorated! Structures)
44



Mareh 2005 Progress) Review: Meeting wj/ HQ

EYO5 Funds Received: in: Februany’ Limitingr Much: Pregress: During First V2, off Y,
Pregress Review! Meeting withr H@ i Maren 2005
Refined Outlineras; Per April 2004 Meetingr Used asi Guide
Mgjor Portions off Follewing MainrVolume Completeds
Chapter 1 — Intreduction andl Background
Chapter 31— Engineering Reliability: Guidelines

Chapter' S — Engineering and Economic Integration

Refiocus Decument terve More Business LLine/Project Oriented
Previous version fromi EY04 was separated by discipline

45



Major Changes Out: off Mareh 2005 Meeting

Persennel at Meeting Approved TIdea with Fellowing Tiaskers from that Meeting
Create New: Tilechnical Appendices oni Project/Business Line Basis
Determine Appropriate POC's to Lead These Appendices

Revise Main Velume Outline; to Pull'in General Discussions) Regarding
Reliability”Analysis for'Select Disciplines

New liechnicall Appendices and hiechnicalllleads
Navigation Appendix (David Schaaf;, Louisville)
Flood Pretection Appendix (Robert Patev, New: England)
Hydreopower Appendix — (James Nolan, fermer USACE from HDC)
Coastal and Port Structures — (Dr. Jefiir Melby, ERDC-WES)

llechnicall Appendicesitor Contain PracticallExamples)/Case Studies

Refine Main: Velume Sections ter Includes) General Discipling Guidance

46



Current Status off Decument

Outline for Main Volume

00 N oy L1 e N

e =
Tl A S

Introduction’ & Backgreund (purpose; histery, on-going initiatives)
Engineering Reliability’ Guidelines (Iead cases, criteria analysis)
Methodologies fior Reliability: Analysis (available methods, medel set-up)
Expert Elicitation: Methodology: (generall overview, When to; Use)
Systems Reliability’ Applications (component redundancy, parallel, series)
Engineering & Economic Integration (event trees, base condition)

Risk & Reliability for USACE Studies (major rehab), systems studies)
Integration with USACE Dam Safiety: Program (portfolio risk analysis)
Risk: andl Reliability: Issues;for Navigations Locks) & Dams

Risk andl Reliability: Issues fior Flood Control Projects

Risk and Reliability: Issues for' Hydropewer Projects

Risk and Reliability: Issues for Coastal/Port Structures

Guidelines for Report Writing

Refierences

47



Current Status off Decument

QOutline for Navigation Lock and Dam Appendix

Land Lock Wall Stability Reliability Analysis' Example (ORMSS)
Approach Wall Stability Reliability Analysis Example (ORMSS)
Simplified Hydraulic;Steel Structure Reliability Example (GLSLS)

HF Miter Gate Reliability Analysis Example (Markland Major Rehab)
Mass Concrete Deterioration Reliability Example (Chickamauga)
Concrete Stilling Basin Scour Example (J.1. Myers Major Rehab)
Miter Gate Machinery Reliability Analysis  Example (ORMSS)

Lock Electrical Systems' Reliability Analysis Example (ORMSS)

S o

Appendix Examples Have Complete Process of Model Development Including:
Selection of Modeling Features (Random Variables, Constants, Etc...)

Development of Applicable Limit State
Reliability Model Output and Interpretation
Development of Consequence Event Tree
Economic Analysis

Summary of Results

48



Current: Status off Document
Outline for Flood Control Appendix

1. Embankments and Levee Examples
a. Hodges Village Dam Major Rehab Study
b. Wolf Creek Dam Major Rehab Study

2. Outiet Works for Flood Control Projects
a. Corrosion/Fatigue of Gates
b. Performance of Conduits

3. Concrete Structures for Elood Control Projects
a. Erosion of Spillways
b. Alkali Aggregate Reaction

4. M/E Equipment for Elood Control Projects
a. Reliability Block Diagrams (Wolf Creek)
b. Fault Tree Analysis (Wolf Creek)

49



Current Status

Puring Y06, MainPersennel Developing Doctiment Redirecied to
Katrina Work

Others working on; guidance heavily: invelved with Dam Safety SPRA

Originally’Scheduled for Drafit EC by 30 Sep: 06
May: IHave Slight Extensiontinte; FY07. toWWraprUp: Drafit Decument

IHanding Offf terA/E or OthersiINot the; Best Option for Completing
al Comprehensive EC that Meets Intended Need

310
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Reguested! by Jerry: Barnesiat 2005 USACE Infrastructure Confierence;in St. Louis
Risk andl Reliability: Becoming Cornerstone Analysis Tioo] fier Developing Systematic
Investment: Plans

[Dam) Safiety’ Portfolio Risk: Assessment (PRA)

Navigation River Systems Studies (ORMSS, GLSLS)

Major Rehabilitation; Program (Increasing withi Aging Infirastructure)

Asset: Management and Metrics for O/M Budgeting
Preblems AcrosstUSACE withiApprepriate R&R Applications

Nor Experienced Group tor Lead and Review: Risk-Based Studies

Districts ApplyinglMethodology: Inappropriately:and Inconsistently

DX Serve as USACE Review' Team for Engineering R & R Applications

Need Engineering) Group: torCoordinate On-Going R&D; Effierts with IWR andrERDE
Integratediwithr Planning CX fer InlandiNavigation int Huntingten District

Tiraining andlBuilding USACE Expertise in Risk and Reliability

Risk and Reliability \WWork: fior Others

Panama Canal Authority (Full' Scale Risk Assessment for ACP)
Canadian Government (Tiransport Canadal Requests USACE Expertise)
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DamiSaiety: Prodram
v PRA ool Methodology: 8 Process Development:
v_ Traini Fieldl Engineers/Economists on| Use of PRA Tool
v/ Future Center for Review: of PRA Analysis and DSA Studies
v, Future R&D: Efforts| for Modification| off PRA Process

Major Rehabilitation Pregram
v. Train| Field ' Engineers/Economists eni Analysis Tiechniques/Requirements
v_ Center off Review! fior Future Major'Rehab; Studies

General HQUSACE Directeal Efiforts

v Engineering Risk: andl Reliability: Guidance
v. Integrating| R & R into USACE Asset, Management Program
v Lead R & D for Model Development through IWR and ERDC

International Work for Others

v. Great Lakes andi St. Lawrence Seaway: Study.
v Panamal Canall Authority: Infrastructure Risk and Reliability Study.
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